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While different HSPG family members synthesized by the same cell are likely to contain similar HS sequences [1] , the HSPG core protein is critical in determining the localization within membrane microdomains or the ECM, and consequently the physiological role for HS [2] . There are two major classes of cell surface HSPGs: the syndecans and glypicans. The four syndecans are type I transmembrane proteins that carry three to five HS chains at their amino terminus. The family of six glypicans, however, are globular proteins attached to the cell by a glycosylphosphatidylinositol lipid anchor and contain two to four glycanation sites near their C-terminus resulting in close proximity of the decorating HS chains to the plasma membrane [3] .
HSPGs are important coreceptors required for signaling by heparin-binding growth factors such as FGF-2 and VEGF, which recognize specific patterns of sulfation within the HS chains. The binding of cytokines to HSPGs regulates the response of cells/tissues to these growth factors and HSPGs, therefore, play key roles in many aspects of tumor biology including invasion, metastasis, and angiogenesis [4, 5] .
Several studies have examined the expression of single HSPG family members in cancer (summarized in 4,5). Until recently, the only HSPG to have been studied in detail in ovarian cancer was glypican-3, which may act as a negative regulator of growth in the ovary in vivo as GPC3 gene is transcriptionally silenced by hypermethylation in 30% of ovarian cancer cell lines [6] while the chromosomal region encompassing the GPC-3 locus is deleted in 30% of patients with sporadic ovarian cancer [7] . However, in a recent study published in Clinical Cancer Research [8] , our group has compiled comparative immunohistochemical profiles of six HSPGs in normal ovary and ovarian cancer.
Using a panel of 12 normal ovaries, 10 benign, and 10 borderline tumors, as well as 115 ovarian carcinomas, we assessed the expression of syndecans-1-4, glypican-1, and perlecan, the major ECM HSPG. Syndecan-1 was absent from normal ovary, but present in the epithelial and stromal cells of a significant proportion of all ovarian tumor types where it was frequently concentrated at the most infiltrating area of the advancing invasive tumor front. Stromal syndecan-1 expression in carcinoma specimens was associated with shorter progression-free and overall survival on univariate analysis, although was not a significant prognostic factor after adjustment for disease stage, residual disease postsurgery, and patient performance status.
Normal or malignant epithelial tissue did not express glypican-1 or syndecans-2 and -3. However, stromal expression of these HSPGs was present in many specimens with staining intensity highest in carcinoma. Of note, expression of syndecan-3, conventionally thought to be a neuronal HSPG, was detected on large and small blood vessels in all tissue sections suggesting an important role in endothelial function. Perlecan staining was present in the epithelial basement membranes of all benign specimens, but was absent in 67% of carcinomas consistent with the adoption of an invasive phenotype.
These findings are important as they demonstrate marked changes in the HSPG expression profile of both epithelial and stromal tissue that occur early during ovarian tumorigenesis. Such changes may have a significant impact on the way in which these tissue compartments respond to heparin-binding growth factors.
Syndecan-1 has previously been demonstrated to have pleiotropic effects in tumorigenesis. In vitro expression of syndecan-1 is associated with maintenance of epithelial morphology and suppression of invasiveness [9] , but its expression is essential for Wnt-1-induced mammary tumorigenesis in mice [10] . Previous immunohistochemical studies have also generated contradictory results [11, 12, 13, 14] . Our study, however, indicates that stromal syndecan-1 expression is associated with tumor progression and emphasizes the importance of the stromal compartment in ovarian tumorigenesis. Notably, stromal syndecan-1 expression is also induced in human breast carcinoma [13, 15] and has been demonstrated to promote carcinoma cell proliferation in in vitro coculture models [15] reinforcing the signficant role of syndecan-1 in the functional interplay between stroma and carcinoma.
However, to completely understand the roles that HSPGs play in tumorigenesis and open up new therapeutic avenues, we must appreciate not just changes in core protein expression, but also the distribution of the HS epitopes recognized by heparin-binding growth factors. Preliminary work has shown that the composition of cell surface HS changes with tumor progression [16] and the expression of the newly identified HS-editing enzymes, H-sulf-1 and -2, are downregulated in several tumor types [17, 18] .
Recently, two new techniques have been developed that may address this. First, the application of phage display technology has generated a panel of antibodies that are capable of discriminating distinct HS epitopes [19, 20] in tissue sections, although the precise sequences recognized by these antibodies need to be further defined. Second, a unique molecular probe (FGF Receptor 1 conjugated to alkaline phosphatase: FR1-AP) has been constructed that can be employed as a potential method for mapping bioactive HS sequences capable of supporting FGF-2 signaling in vivo [21] . FR1-AP only recognizes a subset of tissue-bound FGF-2 suggesting that only at these sites are the FGF-2/HS complex able to support formation of an active trimolecular signaling unit. We have recently shown that within ovarian serous adenocarcinoma, FRAP binds almost exclusively to endothelial cell membranes probably via HS expressed on syndecan-3 providing in situ evidence for the importance of HS in ovarian cancer angiogenesis [22] .
The construction of an HSPG profile of ovarian cancer has demonstrated marked alterations in the expression of these important molecules in both epithelial and stromal compartments that occur early in tumorigenesis [8] . It is an important step towards developing a full "glycoprofile" [5] of cancer that will direct the emerging field of oligosaccharide therapeutics towards more effective cancer therapies.
